Objective: To determine the effect of irbesartan on the activity of oxidative stress parameters of glutathione (GSH), superoxide enzyme (SOD) and malondialdehyde (MDA), and concentration of serum inflammatory factors of macrophage chemokine-1 (MCP-1), intercellular adhesion molecule-1 (ICAM-1) and tumor necrosis factor alpha (TNF-) in the renal tissue of type 2 diabetic rats. Study Design: An experimental study. Place and Duration of Study: The First People's Hospital of Ningyang County, Shandong Province, China, from April 2017 to March 2018. Methodology: Thirty healthy male Sprague Dawley rats were randomly divided into a normal control group, a diabetic model group, and an irbesartan treatment group, 10 in each group. Rat models of type 2 diabetes were prepared by highsugar high-fat diet with low-dose streptozotocin injection. Changes in blood glucose and lipids, serum GSH, SOD, MDA, MCP-1, ICAM-1, and TNF- levels were determined. Results: Levels of FBG, TC, TG and LDL, activity of GSH, SOD and MDA, and levels of serum MCP-1, ICAM-1 and TNF- among three groups were statistically significant (all p < 0.001). Compared with the diabetic model group, FBG, TC, TG and LDL levels, MDA activity, MCP-1, ICAM-1 and TNF- levels all decreased in rats of the irbesartan treatment group (all p <0.001), and both GSH and SOD activity increased (both p<0.001). Conclusion: Irbesartan can improve blood glucose and lipid levels in type 2 diabetic rats, and reduce renal damage by improving oxidative stress and inhibiting the release of inflammatory cytokines.
INTRODUCTION
Continued hyperglycemia not only increases the production of reactive oxygen species (ROS), but also impairs the function of the body's antioxidant system, leading to oxidative stress. This is considered to be one of the important causes of the development and progression of diabetic nephropathy. 1 Therefore, improving oxidative stress may be an effective measure to prevent and treat diabetic nephropathy. In addition, relevant data also show that some diabetic patients with long-term blood glucose control still suffer from diabetic nephropathy, suggesting that in addition to hyperglycemia, there are some other factors that cause kidney damage in diabetic patients. 2, 3 Therefore, the development of diabetic nephropathy is the result of a combination of multiple factors, yet its exact pathogenesis has not been elucidated.
Angiotensin II (AngII) also plays an important role in the occurrence and development of diabetic nephropathy. Inhibiting the production of AngII and interfering with its process is one of the keys to the treatment of diabetic nephropathy. 4 Irbesartan is a novel AngII receptor antagonist that can completely block the effects of AngII at the receptor level and reduce urine microalbumin, which can prevent the progression of diabetes to some extent. 5 In recent years, more and more evidence shows that chronic inflammation plays a key role in the pathogenesis of diabetic nephropathy. 6 Therefore, controlling inflammation will also become an important part in the prevention and treatment of diabetic nephropathy. At present, there are few reports on the effects of irbesartan on oxidative stress and serum inflammatory factors in type 2 diabetic rats. In view of this, this experimentinduced type 2 diabetes (T2DM) in normal Sprague Dawley rats with high-fat diet combined with intraperitoneal injection of low-dose streptozotocin. This animal model conformed to the characteristics of human T2DM disease.
The purpose of this study was to determine the effect of irbesartan on the activity of oxidative stress parameters of glutathione (GSH), superoxide enzyme (SOD) and malondialdehyde (MDA), as well as on the concentration of serum inflammatory factors of macrophage chemokine-1 (MCP-1), intercellular adhesion molecule-1 (ICAM-1) The animal feeded ambient temperature 21.0 ±2 o C, humidity 40% to 70%, divided in cage raising, free food, the natural circadian rhythm of light for a week to adjust the environment and fasted for 16-18 hours. Streptozotocin was dissolved in 0.1 mmol/L citric acid buffer (pH 4.5) to make 1% solution. Rats were given a single caudal vein injection of 30 mg/kg of the above mixed agents, and the high-fat diet (40% fat, 42% carbohydrate and 18% protein) was fed on the day of injection. After four weeks of raising, the 24-hour food intake, body weight, blood pressure, non-fasting blood sugar etc. were observed, and insulin inhibition test was performed to evaluate insulin sensitivity. Taking blood sugar >7.8 mmol/L (taking blood samples under pentobarbital anesthesia) and decreasing insulin sensitivity as criteria for judging a rat model of type 2 diabetes.
After successful replication of diabetic rat model, they were randomly divided into a diabetic model group and an irbesartan treatment group, with 10 in each group, and another 10 rats were placed in the normal control group at the same time. Normal control group was given normal feed, and the diabetic model group and the irbesartan treatment group continued to be given the high-fat diet. Rats in the irbesartan treatment group were given 50 mg/kg irbesartan. Gavage was given once per day in the morning; the other two groups were given 3 mL saline, once daily. All three groups were continuously under experiment for 8 weeks. No rat died during the experiment.
At the 8 th week of the experiment, fasting blood samples were taken from each group of rats. The fasting blood glucose (FBG), total cholesterol (TC), triglyceride (TG), and low-density lipoprotein (LDL) were determined by an automatic biochemical analyser. The levels of serum inflammatory cytokines MCP-1, ICAM-1 and TNF- were determined by enzyme-linked immunosorbent assay. After the fasting blood was collected, 3.5% chloral hydrate was used for intraperitoneal anesthesia. Blood was drawn from the heart. Rats in each group were sacrificed. The right kidney was taken by a pathologist. The residual blood was washed with ice PBS solution. Then 0.5 g of kidney tissue was taken and added with 4.5 mL ice physiological saline to make 10% tissue homo-genate. The supernatant was centrifuged at low temperature, and the activity of GSH, SOD and MDA was measured by chemical colorimetry.
SPSS version 21.0 software was used to process the data. All data was expressed as mean ± standard deviation. One-way analysis of variance was used for comparison between groups, and SNK test was used for pairwise comparison between groups. The p <0.05 was considered statistically significant.
RESULTS
At the 8 th week of the experiment, the differences in the levels of FBG, TC, TG and LDL in the normal control group, the diabetic model group, and the irbesartan treatment group were statistically significant (all p <0.001).
Compared with the diabetic model group, the levels of FBG, TC, TG and LDL in the irbesartan treatment group were significantly lower (all p <0.001, Table I ).
At the 8 th week of the experiment, the differences in the activity of GSH, SOD and MDA in the normal control group, the diabetic model group, and the irbesartan treatment group were statistically significant (all p <0.001). Compared with the diabetic model group, the activity of GSH and SOD increased (both p <0.001) and the activity of MDA decreased in the irbesartan treatment group (p <0.001, Table II ).
At the 8 th week of the experiment, the differences in the levels of inflammatory cytokines MCP-1, ICAM-1 and TNF- in the normal control group, the diabetic model Effect of irbesartan on oxidative stress and serum inflammatory factors in renal tissues of type 2 diabetic rats 
DISCUSSION
The occurrence of diabetic nephropathy is closely related to hyperglycemia, and the progress of diabetic nephropathy can be delayed due to strict control of blood glucose. 7, 8 Due to impaired biological regulation of insulin, diabetic patients are often accompanied by disorders of lipid metabolism, which is even more evident in patients with diabetic nephropathy. Disorders of lipid metabolism are associated with blood stasis in the renal microcirculation and are an independent risk factor for the development of diabetic nephropathy. 9 The occurrence of diabetic nephropathy is associated with lipid alterations mainly manifested as elevated TG, and this change is present early in diabetic nephropathy. 10 Studies have found that elevated TG and decreased HDL-C in patients with diabetic nephropathy are significantly associated with changes in micro-albuminuria. This change in lipids affects the development of diabetic nephropathy. 11 This study showed that, compared with the diabetic model group, the levels of FBG, TC, TG and LDL in the irbesartan treatment group were lower, indicating that irbesartan can reduce blood glucose and lipid levels in type 2 diabetic rats, and it can regulate blood glucose and lipid disorders. Irbesartan can regulate blood lipid while reducing blood sugar. The mechanism may be that fat cells contain reninangiotensin -aldosterone system active ingredient, and irbesartan as its antagonist, can adjust the lipids by inhibiting the storage activity of fat cells. 12 When diabetic nephropathy occurs, the body is often in an oxidative stress state and is prone to produce excessive oxygen-free radicals. When the generation of reactive oxygen species increases and cannot be completely eliminated, some unstable molecules in the cell (such as lipids, proteins, DNA, etc.) are easily oxidised, causing their structural change and dysfunction. MDA is one of the indicators reflecting the lipid peroxidation of oxygen radicals, which is produced in the kidney intrinsically or by circulating inflammatory cells. 13 MDA content in the kidneys of DM rats can be detected to reflect the status of renal oxidative stress. SOD has the ability to clear a variety of oxygen-free radicals, and detection of its changes can indirectly reflect the body's antioxidant capacity. 14 GSH is a tripeptide that is ubiquitous in the cytoplasm and accounts for 90% of intracellular non-protein thiols and protects cells from oxidative damage. At the same time, GSH also serves as a substrate for GSH-Px to assist GSH-Px in scavenging-free radicals. 15 This study showed that, compared with the diabetic model group, the activity of GSH and SOD increased and the MDA activity decreased in the irbesartan treatment group, revealing that irbesartan can reduce the level of oxidative stress in the renal tissue of type 2 diabetic rats by increasing GSH and SOD, and reducing MDA in renal tissue, thus exerting a protective effect on kidneys.
More and more evidence show that macrophage infiltration and overexpression of inflammatory factors such as cytokines, chemokines, and adhesion molecules are closely related to the development of diabetic nephropathy. 16 Monocyte chemoattractant protein-1 (MCP-1), the strongest monocyte chemotactic factor, is mainly secreted by monocytes and macrophages, but in some cases, it can also be secreted by renal tubular epithelial cells and mesangial cells. 17 Clinical and experimental studies have found that MCP-1 is upregulated in diabetic nephropathy, and urine or blood levels of MCP-1 are associated with macrophage recruitment, proteinuria, renal interstitial injury, and disease progression. 18 The role of intercellular adhesion molecule-1 (ICAM-1) in the pathogenesis of diabetic nephropathy is increasingly valued. Studies have found that ICAM-1 mediated monocyte-macrophage adhesion to glomerular vascular endothelial cells plays an important role in the pathophysiology of diabetic nephropathy and can accelerate the progression of diabetic nephropathy. 19, 20 Tumor necrosis factor alpha (TNF-) is a pro-inflammatory factor that plays an important role in the process of inflammation. In the diabetic state, high glucose and hemodynamic changes can stimulate the release of TNF-. TNF- can induce reactive oxygen species (ROS), oxidative stress, and the expression of MCP-1 and ICAM-1. This study showed that, compared with the diabetic model group, the levels of MCP-1, ICAM-1 and TNF- were lower in the irbesartan treatment group, suggesting that irbesartan can decrease the secondary inflammatory response and thus reduce the damage of renal tissue.
CONCLUSION
Irbesartan can improve blood glucose and lipid levels in type 2 diabetic rats, and reduce renal damage by improving oxidative stress and inhibiting the release of inflammatory cytokines.
